Echinacea purpurea (L.) Moench
are currently being intensively studied for their antiproliferative (2) , antibacterial (3), antioxidant (4) and antiinflammatory (5) activities, there is a lack of information about such compounds in the roots of E. purpurea. In this study, proteins extracted from the dried roots of E. purpurea were evaluated according to their molecular size and their molecular mass, and their content in the roots was determined.
EXPERIMENTAL

Chemicals and materials
Ammonium sulfate (99.0 %) and εaminocapronic acid (> 99.0 %) were supplied by Carl Roth GmbH + Co. KG (Germany). Polyvinylpyrrolidone (PVPP), benzamidine (99.0 %), and 0.01 mol L -1 phosphatebuffered saline (PBS), pH 7.2, consisted of 10.9 g sodium phosphate monobasic (SigmaAldrich, USA), anhydrous (≥ 99.0 %) (SigmaAldrich), 3.2 g of sodium phosphate dibasic, anhydrous (≥ 99.0 %) (SigmaAldrich), and 90.0 g of sodium chloride (SigmaAldrich), all dissolved in 1000 mL of distilled water.
Whatman
® regenerated cellulose membrane filters, pore size 0.45 μm, were purchased from SigmaAldrich. Centriprep YM3 centrifugal filters obtained from EMD Millipore (USA) were used in the desalting and concentration procedure of the E. purpurea protein sample. The phosphate buffer (PB) Centipur ® , pH 7.0, was obtained from Merck (Germany). Bovine serum albumin (> 99.0 %) used as a standard substance in the Bradford protein assay, acrylamide/bisacrylamide (30 %), sodium dodecyl sulphate (98.5 %) and Bradford reagent (Coomassie Brilliant Blue G250) were purchased from SigmaAldrich.
The PageRuler Prestained Protein Ladder used as a standard mixture in SDSPAGE, 10 to 180 kDa, was purchased from the Thermo Scientific™ Protein Biology Products (Lithuania). The Thermo Scientific Pierce Silver Stain Kit was obtained from Fisher Scientific (USA). The trisbuffer (0.25 mol L -1 Tris, 1.92 mol L -1 glycine, pH approx. 8.3) was purchased from SigmaAldrich.
Apparatus
AnIKA M20 grinder was obtained from IKA ® Werke GmbH & Co. KG (Germany). Gel filtration chromatography was carried out using the ÄKTA Purifier 100 system Plus supplied by GE Healthcare Life Sciences (Sweden). The UNICORN 5.31 software [GE Healthcare Life Sciences (USA)] was employed to collect and analyze the gel filtration chromato graphy data. The separation of proteins was performed using Superdex 200 10/300 GL column (13 μm particles, 300 × 10 mm) obtained from GE Healthcare Life Sciences (USA).
An Infinite M200 spectrophotometer obtained from TECAN (Germany) was used to measure the absorbance of samples in order to determine their protein concentration. A thermostat Techne DriBlock (R) Model DB2D was purchased from Techne (UK).
Preparation and storage of plant material
Dried roots (300 g) of 3yearold E. purpurea plants were purchased from the Botanical Garden of Vytautas Magnus University, Kaunas, Lithuania, in September 2013. The specimens were taxonomically identified at the Department of Pharmacognosy of the Lithua-nian University of Health Sciences, Kaunas, Lithuania. Dried roots were stored in a dark place. This plant material was exposed to the temperature of 20 ± 1 °C and a humidity controlled environment (50 ± 5 %) until required for extraction.
Protein extraction and purification
The roots of the plant were ground with an IKA M20 grinder just before extraction. The plant material (40 g) was homogenized with liquid nitrogen in a mortar. The homogeneous material was extracted in 200 mL of PBS with 5 mmol L -1 of benzamidine, 5 mmol L -1 of εaminocapronic acid, and 2 % of PVPP for 12 h at the temperature of 4-5 °C. The extract was filtered through a cellulose membrane filter and centrifuged at 1,500 rpm for 30 min at 4-5 °C. Purification of proteins was followed by the salting out procedure. The filtrate (150 mL) was saturated (6) . After 24 h of constant stirring, saturated solution was centrifuged at 15,000 rpm for 30 min. The resulting precipitate was dissolved in 1 mL of PBS solution and kept at 4 °C.
The precipitate was resuspended and dialyzed for 48 h in dialysis membrane tubing with 0.22mm pores against three changes of PBS. The peptide solution was desalted, removing ammonium sulfate, and concentrated to 1.5 mL with Centriprep YM3 centrifugal filters (7).
Gel filtration chromatography
Gel filtration chromatography was used to separate the protein mixture into fractions according to size (8) . The procedure was performed with the ÄKTA Purifier 100 Plussystem, using the Superdex 200 10/300 GL column, applying isocratic elution with PB. The procedure was carried out at constant temperature of +4 o C. The column matrix was a spherical composite of crosslinked agarose and dextran. The column was previously equilibrated with 50 mL of distilled water. Afterwards, the system was preequilibrated and eluated with PB. The flow rate was 0.5 mL min -1 and the maximum pressure over the column was 1.4 MPa.
Prior to the injection into the system, the protein sample (1.5 mL) was centrifuged at 10000 rpm for 15 min at the temperature of +4 o C. After that, the protein sample was manually injected into the system with a 500μL injection loop. Each 0.5 mL fraction was collected in tube. Proteins were detected by monitoring their UV absorbance: proteins with aromatic amino acids were tested at 280 nm and peptide bonds at 215 nm. Following that, the protein amounts and molecular masses were examined in the collected fractions. Negative control (PB) was treated in the same manner (10).
Bradford microassay
Protein quantity was measured by applying the Bradford method (9) using 0.125, 0.25, 0.5, 1.0, 1.5, and 2 mg mL -1 of the bovine serum albumin (BSA) protein standard. Each pre diluted standard or sample (120 μL) was placed into a separate microplate well and mixed with 120 μL of Coomasie Brilliant Blue Dye G250. The absorbance of both standard and sample solutions was measured at 595 nm. The concentration of an unknown protein in the sample was determined by using the equation y = 0.0205x + 0.0105 (R 2 = 0.9955) defining the calibration curve plot (10).
SDS-PAGE gel electrophoresis
The samples were prepared by mixing proteins with an electrophoresis sample buffer and heating the mixture at 95 °C for 5 min. Sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDSPAGE) was carried out in a slab minigel apparatus, using 15 % polyacrylamide as the separating gel, and 4 % polyacrylamide as the stacking gel. During the analysis, 30 μL of each sample was added into the wells of the gel slab, and 5 μL of the PageRuler Prestained Protein Ladder was used as the standard mixture. Power conditions for gel electrophoresis were 200 V and 25 mA, and the run time was 90 min. After SDS PAGE, the gels were fixed and stained with silver nitrate. Molecular masses were estimated by comparison with the migration rates of the standard protein. 
RESULTS AND DISCUSSION
Fractionation by gel filtration chromatography
Protein microassay
The amount of proteins in the fractions was determined as mentioned previously. The concentrations are shown in Table I . The highest amount of proteins was in fractions No. 29, 30, 36, and 37, and hence these fractions were chosen for SDSPAGE gel electrophoresis. (Fig.  1) . Glycoproteins with a molecular mass of 17, 21, 30 and 120 kDa were isolated from the roots of E. purpurea in previous studies (11) . It was estimated that glycoproteins with lower molecular mass contained approximately 3 % of protein. Aspartate, glycine, glutamate, and alanine are the major amino acids of the protein moiety while arabinose, galactose, and glucosamine are the main sugars (12). The experimental data revealed that the pressed juice of E. purpurea contained 120 kDa arabinogalactan protein (AGP) known to be responsible for the immunomodulatory properties of the plant (13) . Previous studies have shown that the polysaccharide moiety of AGP is 90 % and mainly consists of arabinose and galactose residues. Glutamine, asparagine, hydroxyproline, serine, threonine and alanine are the dominant amino acids of the protein moiety (14) . According to our investigations, the bands of 120 kDa in fractions No. 29 and 30 were pale and blurred, which means that there was only a very small amount of 120 kDa sized protein. This suggests that fresh plant material contained more AGP sized protein than dried material (12) . The presence of AGP in dry plant material still remains to be evaluated.
Two bands of 30 kDa in fractions No. 29 and 30 were identified, which indicated the presence of two polypeptides that shared the same amino acid sequence. Such polypeptides are usually isoenzymes that perform similar functions, but each of them is differently specialized for a specific tissue and/or purpose (14) .
The aim of our experiment was to determine the protein size in dried E. purpurea roots and to compare our results with those presented in the literature. Our pilot experiments hypothesize that proteins in dried roots of E. purpurea could be isomers or glycosylated protein forms, judging by the SDSPAGE image. Nevertheless, structural, quantitative and qualitative investigations of protein and glycoprotein, content should be carried out in the future.
CONCLUSIONS
Our results showed a trace of AGPsized proteins in dried plant material, suggesting that the drying process affected protein content in the roots when compared to the fresh juice of E. purpurea. Therefore, a more thorough characterization of smallsized protein content in dry root material is required in order to determine its chemical structure and biological activity.
